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(57)Abstract: 

PROBLEM TO BE SOLVED: To improve the moisture resistance 
and durability of a moisture- sensing film and hence prevent 
deterioration, by accumulating the single- molecular film of a 
cellulose dielectric where hydrophobic long chain is added to 
cellulose macromolecule horizontally on the electrode surface of a 
crystal vibrator and fixing it in a layer. 

SOLUTION: A monomolecular film 5 of a cellulose dielectric where 
a hydrophobic long chain is added to the cellulose macromolecule 
is horizontally accumulated and fixed in a layer on the surface of a 
gold electrode 3 that is deposited on both surfaces of a crystal 
vibrator 1 that is optically polished. In the cellulose macromolecule, 
one portion or entire portion of cellulose hydroxyl group is a fatty 
acid of for example at least one type of acetic acid, butyric acid, 
myristic acid, and stearic acid and is esterified fatty acid cellulose 
ester or its mixture. Then, the monomolecular film 5 is formed by 
dissolving a developed solution to a chloroform solvent and 
developing it onto pure water at 10-20° C, and is overlapped 
horizontally on the surface of the gold electrode 3 of the crystal 
vibrator 1 that is a fixed surface one by one, and a thin film is 
formed in a layer and is fixed. 
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- * NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The quartz-resonator humidity sensor characterized by having accumulated horizontally the 
monomolecular film of the cellulosic which added hydrophobic long-chain to the cellulose macromolecule 
on the electrode front face of a quartz resonator, and fixing to it in layers. 

[Claim 2] A quartz resonator is a quartz-resonator humidity sensor according to claim 1 characterized by 
carrying out optical polish. 

[Claim 3] A cellulosic is a quartz-resonator humidity sensor according to claim 1 characterized by 
esterifying the hydroxy! group of a cellulose by the long chain fatty acid. 

[Claim 4] The monomolecular film of a cellulosic is a quartz-resonator humidity sensor according to claim 1 
characterized by melting an expansion solution to a chloroform solvent, and developing and producing to 10 
degrees C - 20 degrees C pure Minakami. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention belongs to the field of the technology of the 
quartz-resonator humidity sensor which can perform humidity measurement under high humidity 
environment, such as a high humidity tester for measuring a vegetable cultivation machine and the growth 
environment of a plantlet object. 
[0002] 

[Description of the Prior Art] For example, in seeds-and-saplings production, since a high humidity state 
has influence good for a growth reaction rate or an expression reaction from the stage of a seed, or the 
growth step in early stages of vegetable, it is known that the quartz-resonator humidity sensor which can 
perform stable humidity measurement by the optimal high humidity for the high humidity tester for 
measuring the growth environment of a cultivation machine and a plantlet object which can perform high 
humidity precision control etc. is required. 

[0003] And there is "a thing which made the water adsorption film form there by melting the hydrophilic 
polymer which has the property to adsorb moisture to a suitable solvent, applying the solution on the 
surface of a quartz resonator, and volatilizing a solvent" indicated by JP,2-285236,A as a well-known 
quartz-resonator humidity sensor conventionally. And after applying to the electrode front face of a quartz 
resonator the dope liquid which consists of a water-soluble inorganic haloid salt, a hydrophilic polymer, and 
a water-soluble organic solvent, contact gelling is carried out with a water front face, this thing dries, and 
manufactures a quartz-resonator sensor. 

[0004] Cellulose; Cellulose acetate, a butanoic acid cellulose, a cellulose propionate, Fatty-acid cellulose 
triester or those mixture, such as a cellulose acetate butyrate; An ethyl cellulose, Use the polymeric 
materials which have a cellulose system macromolecule as hydrophilic components, such as cellulose- 
ethers [, such as a methyl cellulose, ]; or a nitrocellulose, and a Nigrosine as a hydrophobic component as a 
moisture-sensitive film. That is, the quartz-resonator humidity sensor in which feeling **** of a 
macromolecule was formed on the quartz-resonator side is indicated by JP,8-105830,A in the 
macromolecule thin film which has a hydrophilic property and two hydrophobic opposite properties. 
[0005] Moreover, the quartz-resonator humidity sensor in which the polyether sulphone moisture-sensitive 
film formed by the coating method was formed on the quartz-resonator front face is indicated by JP,7- 
260661, A. 
[0006] 

[Problem(s) to be Solved by the Invention] All, since the molecular arrangement in a moisture-sensitive 
film is disorderly, the humidity sensor indicated by the above-mentioned official report has a possibility of 
leading to degradation of a moisture-sensitive film with excessive moisture child moisture absorption in 
high humidity, and has the problem that the moisture resistance as a high humidity sensor and endurance 
are inferior. 

[0007] By controlling a moisture-sensitive film interior division child's array condition, this invention 
realizes the maximum dense state of aggregation of a molecule, and aims at offer of the quartz-resonator 
humidity sensor which can raise the moisture resistance of a quartz-resonator humidity sensor, and 
endurance by suppression of the invasion molecule in a moisture-sensitive film. 
[0008] 

[Means for Solving the Problem] The quartz-resonator humidity sensor concerning this invention for 
solving the above-mentioned technical problem accumulates horizontally the monomolecular film of the 
cellulosic which added hydrophobic long-chain to the cellulose macromolecule on the electrode front face 
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of a quartz resonator, and fixes it to it in layers. 

[0009] Optical polish of the quartz resonator in the quartz-resonator humidity sensor concerning this 
invention is carried out. 

[0010] The cellulosic in the quartz-resonator humidity sensor concerning this invention esterifies the 
hydroxyl group of a cellulose by the long chain fatty acid. 

[001 1] The monomolecular film of the cellulosic in the quartz-resonator humidity sensor concerning this 
invention melts an expansion solution to a chloroform solvent, and develops and produces it to 10 degrees 
C - 20 degrees C pure Minakami. 
[0012] 

[Embodiments of the Invention] Explanation of the form of operation of the quartz-resonator humidity 
sensor applied to this invention with reference to drawing carries out accumulation fixation of the 
monomolecular film 5 of the cellulosic by which the vacuum evaporationo of the golden electrode 3 is 
carried out to both sides of the crystal side 2. and. as for the quartz resonator 1. it added hydrophobic 
long-chain to the cellulose macromolecule in the front face of the golden electrode 3 at them in layers 
horizontally as indicated by drawing 3 from drawing 1 . 

[0013] Optical polish of the quartz resonator 1 is carried out, it is a thing and a cellulosic esterifies the 
hydroxyl group of a cellulose by the long chain fatty acid. And the monomolecular film 5 of a cellulosic 
melts an expansion solution to a chloroform solvent, and develops and produces it to 10 degrees 0 - 20 
degrees C pure Minakami. Some or all of a hydroxyl group of a cellulose are fatty acids, such as one kind or 
two kinds or more of acetic acids, butanoic acid, a myristic acid, and stearin acid, and a cellulose system 
macromolecule is the esterified fatty-acid cellulose ester or its mixture. 

[0014] Fixation of the monomolecular film 5 of the cellulosic which added hydrophobic long-chain to the 
cellulose macromolecule to the front face of the golden electrode 3 of the quartz resonator 1 in this 
invention was produced the method of producing the Langmuir film called single molecule accumulating 
method, and by carrying out formation fixation of every one thin film in layers level in piles on the front 
face of the golden electrode 3 of the quartz resonator 1 which is a fixed front face about the 
monomolecular film 5 of the cellulosic which it was got blocked and formed on the water surface. 
L0015] The molecule to which the hydrophilic group was attached to the end of a hydrophobic group for 
example, stearin acid, (0H3 (CH2)16COOH) has the property which turns hydrophilic-group-COOH ' 
downward on the water surface and becomes the layer of a single molecule, and this monomolecular layer 
serves as a vapor film . a "liquid membrane", or an "individual film" by the size of the distance between 
molecules by the two-dimensional system. And it divides roughly for moving a monomolecular layer to a 
solid-state front face, and there are two kinds of methods, one — ", if it maintains at the state of an 
individual film, being **** . crossing the water surface, making an individual base to be able to invade 
perpendicularly and go up and down, and applying sufficient surface pressure For every distance a 
monomolecular layer laps one sheet at a time, it is produced, the sense of a membrane formation molecule 
pulls up, and it can invade with distance, and comes, distance becomes reverse, and a Y type membrane 
structure with the layer structure which makes a dyad layer a unit cell is made by the done Langmuir film 
L0016J Moreover, it says that it is the "level adhering method", and another establishes a base horizontally 
and the water surface is made to paste and it moves it from a top, and the membrane structure of the X 
type which makes a unit cell the monomolecular layer by which there is no shift of the sense of a 
membrane formation molecule, and the hydrophobic group turned to the base side is made by this method 
rnm^rT®"^'"" ^^^^^ °" perpendicular dipping process and the level adhering method 
V I 1 "^'"^ ^"^^^ inverter used for dispatch frequency measurement of a quartz resonator 1 
of a feedback dispatch circuit is shown and it is shown in drawing, drawing 4 consists of a quartz resonator 
1. an inverter 6. resistance R, and a capacitor C. and is connected with the microwave counter 7 which 
displays measured value. This circuit can change the mechanical vibration of a quartz resonator 1 into an 
electrical signal stably by forming a dispatch circuit between two capacitors C. using a quartz resonator 1 
as an inductive-reactance element. 

[0018] After accumulating one layer of stearin acid to the quartz resonator 1 of 15MHZ(s) which deposited 
the golden electrode 3. accumulation fixation of the monomolecular film 5 of a cellulosic is horizontally 
rnninn a"""* well-known perpendicular dip coating and the well-known level adhering method. 

L0019J A stearin acid monomolecular film is first accumulated for the improvement in adhesion with the 
golden electrode 3. Then, the expansion solution which melted the PAL MITOIRU cellulose 1m mol 
glucose/1 to the chloroform solvent was developed to pure Minakami with a water temperature of 10 
degrees C - 20 degrees C. and the built up film whose thickness two-layer [ single-sided ] is about 40A 
was formed by the level adhering method. 

http://www4.ipdljpo.go.jp/cgi-bin/tran_web_cgi_eije 2002/08/29 



3/3 ^— V 



[0020] thus, the frequency measuring device 8 by which the frequency which the quartz-resonator 
dispatch circuit using one quartz resonator 1 which made the PAL MITOIRU cellulose moisture^sensitive 
film form in a front face is shown in drawing 4 , and was measured was measured by the microwave 
counter 7 — 10 degrees C - 20 degrees C constant temperature — it installed into the tank of constant 
humidity and the frequency change to relative humidity was measured 

[0021] On the front face of the golden electrode 3 of the quartz resonator 1 of the quartz-resonator 
humidity sensor concerning this invention As the membraneous quality when accumulating horizontally the 
monomolecular film 5 of the cellulosic which added hydrophobic long-chain to a cellulose macromolecule, 
and fixing to it in layers is shown in drawing 5 expressed with the relation between occupancy area and 
surface pressure Since the time of the temperature of a developing solution being 17 degrees C is 
decreasing linearly [ surface pressure ] from 30 mN/m to 5 mN/m, good [ at the time of accumulation / 
membraneous ] is known. 

[0022] Moreover, since surface pressure is decreasing linearly from 25 mN/m to 15 mN/m when the 
temperature of a developing solution is 25 degrees C, it can be told to a thing with a temperature [ of a 
developing solution ] of 17 degrees C that the membraneous quality at the time of accumulation is 
subsequently good. 

[0023] Thus, between the relative humidity of a quartz-resonator humidity sensor and the moisture- 
sensitive film weights (it asked from change of resonance frequency) which were created, as shown in 
drawing 6 , the good linear relation was brought about. Moreover, as elevated^emperature neglect, 
although it was left at 100 degrees C for 24 hours, change was not seen by the moisture absorption 
property. 

[0024] Consequently, as shown in drawmg_6 , it turns out that about 10Hz frequency shift amount per 10% 
of relative humidity is changing, and the quartz resonator which there is a good correlation and formed this 
moisture-sensitive film between relative humidity and the frequency shift amount fully functions as a 
humidity sensor within the limits of 12 - 95% of relative humidity. 

[0025] It was air-dry on the 1st and the humidity test of a quartz-resonator humidity sensor conducted 
the damp-proof repeat experiment of measuring the sensitivity to humidity again, 3 times, after dipping the 
quartz-resonator humidity sensor in primary distilled water for 30 minutes. 

[0026] As a result of three experiments, as shown in drawing 7 , if the number of times of an examination 
of moisture-sensitive degree of the cast film humidity sensor «> mark in a graph) of a PAL MITOIRU 
cellulose increases, measured-value variation will fall. As opposed to this telling that a cast film exfoliates 
from the front face of the golden electrode 3, the surface coverage of moisture falls for the reason, and 
the moisture-sensitive degree of a cast film humidity sensor deteriorates exfoliation of a film like [ the PAL 
MITOIRU cellulose moisture-sensitive film humidity sensor (O mark in a graph) concerning this invention ] 
the degree sensor of cast membraneous quality — not being generated — therefore, the moisture 
resistance of a humidity sensor — change — there is nothing — moisture resistance — excelling — 
******** — things are understood In addition, XO in drawing 7 shows the initial value of the measured 
value of frequency, and X shows the measured value of the frequency after an examination. 
[0027] As mentioned above, after checking carrying out operation stabilized by this quartz-resonator 
humidity sensor in 95% [ of relative humidity ] R.H., it exposed at the moment into the atmosphere of 30% 
[ of relative humidity ] R.H. Consequently, as shown in drayying..^^^ , it converged on constant value in about 
20 seconds. He can understand that the responsibility from this to humidity is very good. 
[0028] 

[Effect of the Invention] The quartz-resonator humidity sensor concerning this invention is excellent much 
more in respect of water resistance, and does so the effect that the stable hygrometry in high humidity is 
possible. 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[DrawingJ] It is the plan showing one of the gestalten of operation of the quartz-resonator humidity 
sensor concerning this invention. 

[Drawing 2] It is the A-A line cross section of drawing 1 . 

[Drawing 3] It is an expanded sectional view in the alternate long and short dash line shown by B of 
drawing 2 . 

[Drawing 4] It is drawing showing one of the gestalten of the operation of a quartz-resonator dispatch 
circuit using the quartz-resonator humidity sensor concerning this invention. 

[Drawing 5] It is the graphical representation having shown the membraneous quality when accumulating 
the monomolecular film in this invention horizontally, and fixing in layers by relation between occupancy 
area and surface pressure. 

[Drawin g 6 ] It is the graphical representation having shown the example of a hygrometer side using the 
quartz-resonator humidity sensor concerning this invention by relation between a frequency shift amount 
and relative humidity. 

iQf3MDM-Jl It is the graphical representation having shown the humidity test result of the quartz-resonator 
humidity sensor concerning this invention by relation between measured-value variation and the number of 
times of an examination. 

LQravyinS 8] it is the graphical representation having shown the dehumidifying time of the quartz-resonator 
humidity sensor concerning this invention by the relation with a frequency shift amount. 
[Description of Notations] 

1 Quartz Resonator 

2 Crystal Side 

3 Golden Electrode 

5 Monomolecular Film 
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DRAWINGS 




[Drawing 5] 
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